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SumJTl.ary 
Tests have been made in the No.1 (5 ft . atmospheric) wind 
tunnel at Langley ~e~oTial Aeronautical Laboratory to det~rmine 
the air fQ rces acting on rotating cylinders TIith axes perpendi cu-
lar to the direction of motion . Two cylinders were tested; one 
had a circula~ cross-section, th e other that of a Gr eek cross . A 
compound. strut was a lso tested , the rotating circular cylinder con-
stituting its upstream portion. In the case of the ci rcula r c yl-
inder, a lift coefficient of 9 .S · was ob tained liJithout r eachi ng a 
maximum; the r atio of lift to drag reached a value of 7.8. Con-
sidered as airfoils, th e cross c ylinder and compound strut were not 
so efficient. Less power was r equi r ed to rotate t he circular cyl-
inder in moving than in still air. 
I ntroduc tion 
A combination of transl at ion and circulation is the bas ic con-
cept of the theor¥ of airfoils proposed by Kutta, as wel l a s those 
of Joukowski, von Mi se s , Lanches t er a nd Prandt1 (Reference 1). 
The tests described below cons titute an attem-;Jt tv measure the 
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Methods and Appa ratus 
All the models we r e tested in infinite length- diameter ratio; 
cross-sectional dimensions may be had fro m Fig . 1 . The set-up is 
diagramrratically shown i n Figs . 2 and 3. The cylinder was sup-
ported in a l a rge self-a ligning ball bearin g A, a nd restrained 
at it s lower end by t wo pai rs of ho rizontal wires , attached to the 
ball bear ing B, wh ich were respectively par allel and perpendicu-
lar to the ,a ir flo w. An electric rr.oto'r C, drove t he cylinder 
through the flexible rubber connection D. The balances used t o 
measure drag and cross-wind forces are shown at E and F . Ten-
sion in the wire systems was mainta ined by the counterweight s G, GI 
and elasti city provided by rubber inserts H, HI. Tur nbuckl es be-
t ween cylinder and balances (not shown) were used to counte r act 
the elast ic deformati ons of the restraining system unde r the a ction 
of air fo~ces, thus elimin~t ing the pendulum reac tion of the cylinder. 
The ob se rved data consist of dr ag and cro ss- wind forces , air-
speed, R. P. I . of the 'cylinder and electrical input to the mo tor 
driving the cylinder. I ndiv i dual observations VJe re made by bringing 
airspeed and R.P~ M . to t h e desi red values and measuring the other 
quantities simultaneousl y. 
The program of test was as follovifs: The circular cylinde r VIa s 
tested q..t an a irsp eed of 15 m/s . (49 . 2 ft . /sec . ) , and incr eas ing 
rotative speeds until the powe r limit of the drive motor was reached. 
The airspeed was then reduced to 10 m/s . (32 . 8 f t./sec . ) and the 
process repeated . It became necessary to go to 7 (23) and J finally, 
· . 
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5 m/s. (16. Ll ft./sec.) in order to reach a maxi mum !'lift/dragrl ratio . 
The performance of th e cros s cylinder, a t 15 m/ s. (49.2 ft./ 
sec . ), was very erratic. A ma rked hysteresis loop made its appear-
ance in the ,:ector diagr am of resultant a. ir fo rc e and, when excess-
ive vibration was encountered at 3000 R. P . M. and 10 ' m/s. (32.8 ft./ 
sec . ) airspeed , th e work on this model v~s aiscontinued . 
The first test on the compound strut, in -::7~ich the gap betvleen 
cylinder and fairing VJas 1/8", showed this combination to be infer-
ior to the c1rcul ar cyli nder vJhen considered as an airfoil. A 
large scale effect wa s also found , coefficients for a f ixed ratio of 
peripheral spe ed to airspeed varying l,'li th the airspeed . Tests with 
a 3/8" gap we re made next but such a l arge increase of drae; was 
found that no further combinat ions were tried . 
Afte r the completion of the force measurements , apparatus was 
installed to allow the introd.uction of smoke fi l aments into the 
airstream just in front of the cylinder and a series of photographs 
were taken at various combinat ions of rotative and airspeeds. 
Reduction of Data - Presentation of Rosul ts 
The air forces acting on th e cylinder we re assu med to be sym-
metrical about q horizontal plane through ~~e tunnel axis , i .e., 
the resultant ai r force nas a s su med to act in this pl ane . The di-
mension~ ,of the set-up vvere such that a factor 1 . 965 had to be ap-
' plied to the measured f orc es to g ive true forces acting on the c yl-
inder. Coefficients were derived on a basis of p roject ed area of 
•• 
N. A. C. A. Te chnical Note No. 209 4 
the cylinde r as f ollows : 
CD = D qS 




wherein q is the dynamic pressure~ S the projected area of the 
cylind er;, D the d r ag force ~ CWF the cro ss- wind, or 1I1iftl' force, 
V' t he peripher a l speed and V the a irspeed. 
The data f r om tests on the circular cylinder a re given in 
Tab les I and II . Fi g . 4 is a vector diagram which shows the vari-
'ations of r esu l tant as well as component forces throughout the 
range explored, Fi g . 5 i ndicates the va riation of cross-wind force 
with t h e r atio of per ipheral to transla tiona l speed, and Fig . 6 
shows the povler ne cessary for rotati on at zero and 15 m/ s ( 49 . 2 ft . / 
sec.) airspeed . Corresponding data on the cross cylinder are given 
in Tables III a nd I V; Figs. 7> 8 and 9 are the vector diagram> plo t 
of cro ss-wind force against sp eed rat i o ;, and power consumption 
against R.P. M. , respec tively. The data taken on the compound strut 
with 1/8 11 gap ;, a r e gi ven, in Tables V and VI; Figs. 10 , 11 a nd 12 
are p lo t ted t he ref rom. Results from the second strut co mbination 
are given i n Tabl e VII and plotted in Figs . 13 and 14 . 
Di scussion 
As no mathematical or physical analysis of the results has 
been attempted , as yet, this discussion will, necessarily, consist 
I. 
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in calling the reader' s attention to those point s ~hich seem of 
greatest importance. Let us consider , first, the tests of the 
circular cylinder. 
The sudden app earance of the cross-wind fo r ce at r = 0 . 5 
seems so definitely established that mere coinc idence is doubtful. 
Unfortunately, no study of t he smo ke flow was made in this range 
so it is not known whether there is an ab rupt change in the flo'."1 
pattern t o ac count fo r the phenomenon. 
Beyond ·the r atio r = 0 . 5, the cross-wind force increases 
steadily through quite a range in whi ch there is practically no 
. varia tion in d rag , the value of the lat tcr refl aining constant be-
t ween r = 0.5 and 2.0. 'iilith values of r grea ter than 3 . 0 the 
drag increases and the maxi~um r a tio of lift to d r ag (7 . 8) i s at-
tained when r = 2 . 5, approxi mat ely. It is no t ed that the dra g 
coefficient at th is point is almo st identical with that of the 
stationary cylinder. 
The high values of r esult, of course , from the very un- 0" 
, ? (. ',,, 
symmetric velocity distribution around the cylinder . The smoke 
photographs (Figs. 15, 16 and 17) clearly depict the f, radual dis-' 
tortion of the symme trical floVJ pattern with incr eaSing rotation , 
and the building up of a very high veloCity region opposite one 
of considerably r educed velocity . Thus the rota tion produces the 
same sort of veloci ty di s t ribution as do es camber in th e case of 
an airf oil. The greater dissymmetry of thi s flOW, as compared to 
that about an a irfoi l, i s undoubtedly due to the fact t hat the 
. . 
I. 
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p'roportionate increase and decrease of the free stream veloci ty is 
considerably augmented by the rotation. 
In connection with the variation of drag, the following points 
are noted: The smoke photographs show that at small values of r 
the g~oups of streamlines from the two sides of the cylinder do not 
diverge so markedly as is the case with the motionless cylinder. 
This accounts for the first reduction of drag. Through the range 
in which CD remains constant, although COW increases rapidly, 
there must be balance of the changes in the flow pattern around the 
up stream and downstream halves of the cylinder. With further in-
crease of rotative speed, it is seen (Fig. 17) that the streamlines 
from· the high velocity side wrap farther and farther around the 
cylinder~ It seems probable that as the stagnation point moves 
back along the low velocity s ide, it will finally meet and merge 
with the point at which the two groups of st reaml ines reunite. 
completely different type of fl ow will naturally result and the 
rapid increase of drag and reduction in the rate of increase of 
lift are its characteristics . 
A 
The fact that the power input is smaller with moving than sta-
tionary air . indicates a reduction of air friction . This would be 
expected as the relative velocity of air to cylinder is reduced, 
around most of the circumference, by the rotation. 
The characteristics of the cro ss cylinder, throughout the range 
covered , were very irregular. The relatively high power required 
to rotate this model prevented the reaching of high values of r. 
\ . 
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However, in the upper portion of the speed range, the data were 
fairly consistent and as an LID ratio of 5.5 was attained at 
r = 1.8, it would not be at all surprising tf the maximum LID 
ratio for this cylinder \:vere found to be larger t han tha.t for the 
circular one. 
The hysteresis effect found at low values of r has re-
ceived no explanation, but it rraybe mentioned that the lower val-
ues (dashed curve in Fig . 7) were observed 1ivh en the rota tive speed 
was increasi~g , airspe ed being held constant; as the rotative 
speed was reduced, the points on the upper curve were obtained. 
While the curve of c vs· CW r, for the cra GS cylinder .. is 
rather erratic, if the pcrtion bet~een r = 1.0 a nd 1.8 were pro-
j e.cted as far as the r axis, . the intersection would occur a t 
r = 0.5. The slope of this section of the curve i s identical with 
that of the first portion of the corresponding curve for the c ircu-
lar cylinder. 
The power consumption of the cross cylinder is greater in mov-
ing than in still air at values of r greater than 1.0 but less 
at smaller ratiOS. 
The re~ults from the tests of the compound st rut cover a very 
limited range. The slopes of the curves of Ccw vs. T are much 
lower than the preceding ones, even though the coefficients were 
computed on the basis of projected area of the cylinder rather 
- than the transverse projection of the strut. 
As regards LID ratio, the smaller gap is best and it is felt 
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that if it had been poss ible to u se still smaller clearance and 
practically eliminate any flo\7 through the gap, mu ch better results 
might have been real ized. It is eVi dent that with any appr~ciable 
gap, the circulation around the entire assembl y i s reduced. by the 
flo w between the cylinder and fairing . 
It ~ill be seen that lift appears at ' the smallest values of 
r o0served. 
Conclusions 
The controlled co mbination 0: translational a nd circulatory 
velocities has shown that -
1. The a ir f orces obtainable by superpnsition of a circula-
tory flow upon the one a ri sing fro m transl ati on of a doubly symmet-
ric body are several ti mes gr ea t er tha n have ever been ob s erved 
on any unsymmetric body. 
2. Lift increases wi th ci rculation, a lthough the l aw connect-
ing the variables is not definitely established o r its limits of 
application known. 
3. The rate of incr ease of lift wi th rate of r evolution seems 
practically independent of the shape of the r ota ting body , provided 
it is symmetrical about both axes in it s p l Eme of rotation, except 
a t the very lo w speeds-
4. The d r ag of a ,blunt body in rectilinea r air flo w may be 
conside~ably reduced by t he addi tion of a circulatory flow. (It 
seems probable that thi s results in a reduction in the width of th e 
( ~ 
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turbulent area behind the cylinde~ before any "downwashll or change 
. . 
in the direction of the discharged airstream appears. Th~ is in 
accord with the Karman theory of resistance as given in Joukowski's 
II Aerodynami que, tI p . 203) . 
Bibliography 
• Referenc e 1 - Technica l Repo rt Ho . 116: App l ica tions of 7.~odern 
Hydrodynamics to Aeronautics ) by L. Prandt1. 1921 . 
liJ •• -\.C.A . Techn ical {~ote !~ 0 . 209 10 
. ~ Table I 
C:J.r0ular Cylinder 
R. P . E. D I CUi[ ~ Ce'\! V r ka- k g (m / s) 0 
25 1.136 -· 010 . 9 25 -. 008 15 . 010 
500 1.136 + . 010 . 925 -. 008 1 5 . 200 
9:0 1.026 -. 020 . 835 -. 016 15 . 360 
10Z0 . 942 -. 022 .766 -. 018 15 . 408 
1115 . 852 -. 007 . 693 -. OOG 15 . 460 
. 1240 .7 77 +. 003 . 633 +. 002 15 . 496 
1300 • ~ 'Z 54 . 018 . 614- . 0 14 15 . 520 
1 ;)00 . 7 4·7 . 0 43 . 608 . 035 15 . 520 
1 400 .7 .J,0 . 1 30 . 602 . 122 15 . 560 
1500 . 7 4 4 . 383 . 605 . 230 15 . 600 
1 500 . 740 . 305 . 602 . 2L}8 15 . 600 
1 600 .7 44 . 400 . 605 . 32 6 15 . 6['\.:0 
1600 .7 L'J} . 453 . 605 . ~)69 1 5 . 640 
1700 . 759 . 608 . 61 8 . 49 5 15 . 680 
1700 .7 51 . 625 . 611 . 508 1 5 . 680 
1700 .7 50 . 598 . 610 . l18 7 1 5 . 680 
1780 . 751 . 660 . 611 . 537 15 . 712 
. . 1800 .7 5 4 . 673 . Gl -1 . 548 15 . 720 
1900 . 757 .798 . 61 6 .650 15 . 7 60 
1900 .7 51 . 815 . 611 . 663 15 . 7 60 
1900 .7 57 . 7 58 . 616 . 617 15 . 760 
2000 .7 59 . 873 . 618 . 710 15 . 800 
2080 .7 65 . 868 . 622 . 706 15 . 832 
2100 .7 64- . 997 . 622 . 8 11 15 . 8 4 0 
2200 .7 64- 1 . 073 . 623 . 873 15 . 88 0 
2220 . 78 7 1 . 158 . 640 . 942 15 . 888 
2300 .7'7 3 1.188 . 628 . 967 1 5 . 920 
2420 . 7 54- 1. 378 . 614- 1 . 040 15 .
968 
2500 . 7 42 1.338 . 604- 1 . 089 15 1.0
00 
2600 . 729 J. . -"168 . 593 1.194- 15 1.0
40 
2620 . 724 1. 303 . 589 1 . 060 1 5 1.
048 
2700 .710 1. 578 . 578 1. 284 15 1.08
0 
1300 . 353 +. 308 . 646 . 563 10 .
78 0 
1500 . 351 • tr 18 . 643 . 764 10 .
900 
1700 . 338 . 636 . 618 1.163 10 
1 . 020 
1900· . 331 . 758 . 605 1.38 6 10 
1.1.J,0 
2100 . 322 . 9 78 . 5S9 1.709 10 1
. 260 
2300 . 32-1 1 . 083 . 593 1 . 930 
' 10 1 . 380 
2500 . 332 1. 293 . 607 3 . 363 10 1
.500 
2700 • 33 ·:}. 1 . 403 . 611 2 . 56 L1· 10 1.620 
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Table I - Continued. 
Cic'cu1ar Cyliner 
IL I CVVF V R.P.!J1 . CD COW r kg kg (m7 s) 
--
1800 . 085 .605 .622 4.43 5 · 2.16 
2100 .105 . 820 .769 6.00 5 2 .51 
2400 . 130 . 995 . 952 7.28 5 2 . 87 
2700 :(1 51 1 .110 1.105 8 .13 5 3 . 23 
3000 . 168 1 .170 1.230 8 . 57 5 3 .59 
3300 .183 1 . 250 1.376 9.15 5 3 . 95 
3600 .196 1.295 1. 43L'" 9 . 48 5 4 . 32 
1800 I .16 7 . 660 .624 I 2.46 7 1 . 54 
21 00 .1 '(,3 . 8f,0 .64G 
.\ " 3.2~ 
7 l .79 
2400 '-181 1 .1 [1 .. 0 .676 4 . 26 7 2 . 05 
2700 .. 197 1.365 .'736 I 5.10 7 2 . 30 
3000 . 222 1.700 .829 6.35 7 2 . 56 
3300 . 256 1.945 . 956 7 . 26 7 2 . 82 
3600 . 287 2 .210 ·1.070 8.25 7 3.07 
S ::: 0.1741 m2 
q = 1.535 kg/m2 ( 5 m/s), 3.01 kg/m 2 (7 m/s) , 6.15 kg/rn 2 (10 m/s) 
and 1 3 . 81 kg/rn 2 ( 15 m/s). 
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I , Table II 
Po wer Consumption of Circular Cylinde r . 
Ai r speed = 0 Airsp eed = m/s 
R· p . M. Watts R·P. M. I Viatts I 
290 6 .6 1020 14 . 5 
580 10 . 0 111 5 1 5 . 5 
885 11.5 12 40 17. 3 
1190 19~0 
1 400 24 . 0 1 500 23 . 8 
1 775 27 . 0 1 700 26 . 0 
2260 40~1 1900 28 . 4 
2810 51. 8 2080 31. 8 
3140 68 . 0 2220 ! 28 . 6 347 5 89 . 2 2300 30. 2 
2420 31- 9 
2 500 33 . 6 
2600 34 . 8 
2700 37. 2 
3000 44 - 8 
• I 
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Table III 
Cro ss Cylinder 
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, - Table IV 
POYie r Consumpt ion of Cro s s Cyl ind e r 
Air speed ::: 0 Airspe ed =: 10 mls Air speed == 15 m/ s 
I I I R. P . M. ! Watts I R. . P . l.1 . Watt s R. P . ,l . Yiatts 
1000 16 . 1 140 6 . 3 1800 62 ~ 4-
1200 23 . 8 300 10. 4 2000 7 4- · 0 
1400 35 , 0 600 18 . 0 2100 84 . 0 
1 600 42 ~ 0 1000 28 . 0 2200 88 · :5 
1800 53 . 9 1300 35 . 0 2400 105. 0 
2000 66 . 6 1600 43 . 0 2600 I 
131.0 
2200 81. 2 1800 43 . 0 I 2700 138 . 0 I 
2400 96 . 6 I 2000 I I 59. 4 i t 2600 1 23 . 2 2200 i 72 . 0 I I 
- 2800 153 . 2 2400 87 . 1 I' I I 2600 I 112 . 5 i I ! 2800 i 1 41.0 ! I I , I , I , 
, 
, 




Gap = 1/8 11 
lL ! CWF R. P. M. I CD CCW kg kg 
0 . 109 . 0 00 .199 . 000 
55 . 113 . 00.3 . 206 . 005 
105 ~114 . 016 . 208 . 029 
150 .114 . 020 . 208 .036 
200 .. 115 . 026 . 210 . 066 
250 .115 . 068 . 210 .124 
300 .115 . 08 3 .210 .170 
350 ·,.115 .1 33 . 210 . 243 
400 .117 . 138 .214 . 252 
450 .119 .193 . 217 . 352 
4 50 .119 . 250 . 217 . 457 
500 .121 . 21 8 .22 ). . 398 
600 .125 .3 35 . 228 . 611 
600 .128 . 278 .234 . 508 
700 .128 .333 . 234 . 608 
. 900 .125 .37 5 .228 . 685 
1200 .123 . 440 I . 225 
. 803 
1500 .144 . 635 . 263 I 1.160 1600 .149 I .720 I . 272 1.314 
1700 .165 I .7 30 r .301 i 1.332 
1900 .175 ! .730 I .320 ! I 
I 
I 1 . 332 
2100 . 214 I .770 .391 I 1 . 406 
2400 .251 . 890 .458 1. 625 
2700 . ..256 . 920 
I 
. 467 1.680 
3000 .250. .885 . 457 1.616 
0 I .565 
. 254 r ! 
500 .557 - .. 1 40 . 255 
i 
- 063 I 
\ 700 .557 -.125 I . 255 .056 900 . . 543 
\ 
-. 030 . 24 5 .013 r I 
900 .552 +.065 I . 249 i .029 ! 1100 .533 +.110 I . 240 . 050 ! 1 1200 I .535 I +.1 85 . 241 .083 I 
1300 . 530 i . 290 . 239 . 131 ! I i 
1400 .537 , .350 ! . 24 2 i .158 ! ! 1600 .515 .67 5 . 232 .304 I I 1600 .530 .61 5 I . 239 . 27 7 I 
1800 ·. 532 . 9 50 , . 240 
\ 
. 428 
2000 . 532 I 1.025 I . 240 . 462 
S = 0.1741 m2 q = 6.15 kg/m 2 (10 m/ s):I 





























I 20 I 
I 20 I I 
I 20 i ?,O I 
r 2 0 I 20 I 20 I 
I 20 
I 2 0 
: 20 ; 
j 20 
: 20 




















































2 (20 m/ s) . 
N.A.C.A. Technica l Not e Ho . 209 16 
J ' Tabl e VI 
Po we r Consu mpt ion of Co mpound s t ru t. 
Gap = 1/8 " 
Airspe ed = 0 Air speed = 1 0 m/s 
! ! , 
R.P. M. i Watts R. P . M. Wa t ts 
1 00 2 . 1 100 2. 8 
300 3 . 0 300 4 . 0 
500 5. 6 500 5 . 6 
800 7. 6 800 9 . 5 
1100 1 2 . 5 1100 1 5 . 6 
1400 1 8 . 0 1400 18 . 6 
1700 22 . 8 1700 25 . 9 
2000 32 . 2 2000 35 . 2 
2300 · 41. 6 2300 40 . 8 
2600 46 . 4 2600 45 . 6 
2900 50. 4 2900 53 . 6 
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Table VIr 
Compound strut (3/8 11 Gap) 
R.P.M . D CWF Cn CCVf kg kg 
500 . 218 . 288 . 398 . 526 
600 . 211 . 303 .386 . 553 
700 . 213 . 318 . 389 . S81 
800 . 218 . 318 .398 . 581 
900 . 221 . 3G3 . 403 . 663 
1200 . 243 . 563 . 444 1.030 
1500 . 288 . 903 . 526 1. S50 
1800 ·. 324 . 913 . 592 1. 670 
2100 . 344 . 938 .688 1.713 
2400 . 351 1. 038 . 641 1. 900 
2700 . 351 1.078 .641 1. 920 
3000 . 348 1.1 43 .635 2 . 0S0 
3300 i . 339 1.143 . 619 2.090 
I 
I 
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